Ten different Salmonella serotypes were grown in a chemically defined medium supplemented with 0.01% yeast extract. After sedimentation of the cells by centrifugation, flagella were detached by exposure to pH 2 for 30 min at room temperature. The flagellaless cells were removed by centrifugation, and the flagellin in the supernatant was further purified by high-speed centrifugation, ammonium sulfate precipitation, and dialysis in 50,000-molecular-weight-cutoff tubing. The 10 flagellin preparations were of a high degree of purity, as demonstrated by electron microscopy, sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and measurement of salmonella H and O agglutination titers of antisera raised in rabbits with the flagellin preparations as immunogens.
Bacterial flagella have been the subject of considerable physical and chemical characterization (1, 4, 9, 12, 14, 17, 22) and examination for their immunogenic properties (2, 7, 18, 20) .
The isolation of bacterial flagellin has been reported previously by a number of workers. Procedures generally involved the propagation of bacteria in complex media, followed by detachment of flagella by mechanical means with omni mixers, blenders, and other apparatus that produce violent agitation. Laborious steps of differential centrifugations and washings were then applied to isolate the flagella (2-4, 10, 12). Fey (6) recognized that the mechanical detachment of flagella may result in considerable disintegration of bacterial cells, thus liberating 0-antigen contaminants. Also, bacterial flagella detached by shearing from intact cells have been shown to consist of two parts, a helical filament and a proximal hook, eacb of which has entirely different antigenic specificities (8).
Further purification of flagella isolated from Spirillum, Proteus, and Bacillus species has been achieved through the use of ion-exchange chromatography (16) . Fey (6) applied preparative zone electrophoresis to separate salmonella flagellins from O antigens. Petersen et al. (19) eluted Treponema reiteri flagella from a DEAE-cellulose column, and after ultrafiltration, the flagella were purified by gel filtration.
The development of immunoassay systems for the detection of salmonella (e.g., in foods) requires a supply of specific flagellar antisera of high titers. Highly purified flagellin preparations are a prerequisite for such antiserum production.
This communication reports a method for the isolation of highly purified flagellins from Salmonella serotypes. The method is simple and reproducible and produces high yields. SDS-polyacrylamide gel electrophoresis. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis was carried out in 0.1% SDS-pdlyacrylamide slab gels by using the Tris glycine discontinuous buffer system of Laemmli (15) universally supplemented with 0.5 M urea. The stacking and separating gels contained 4 and 10% acrylamide, respectively. Electrophoresis runs were done with a vertical electrophoresis unit (LKB, Bromma, Sweden). Each gel lane was loaded with 20 to 25 p.g of flagellin and was run at a constant current setting of 7.5 mA per gel slab for 18 h at room temperature. A standard molecular weight protein mixture was purchased from Bio-Rad Laboratories, Richmond, Calif. The mixture consisted of six proteins with molecular weights of 14,400, 21,500, 31,000, 45,000, 66,200, and 92,500.
Serological methods. Thirty-six New Zealand White female rabbits were used to produce specific flagellin antisera by injection of 50 ,ug of polymeric flagellin in complete Freund adjuvant per rabbit. The antigens were administered on the backs of three to four animals by the multiple intradermal injection method described by Vaitukaitis et al. (21) , except that antigen emulsions contained heat-killed Mycobacterium tuberculosis at a final concentration of 0.3 mg/ml and the administration of 0.5 ml of crude Bordetella pertussis vaccine was omitted. The responses to this immunization were monitored regularly over a period of 200 days by determining salmonella H agglutination titers in tubes. H agglutination was done by incubating 0.5 ml of twofold serial dilutions of antisera and 0.5 ml of 18-h Salmonella cultures (in brain heart infusion broth) at 50°C for 2 h. O agglutination was done the same way by using boiled (10 min) salmonella cell suspensions and incubating the antigen-antiserum mixtures at 50°C for 4 h.
RESULTS
Growth of Salmonella serotypes and flagellin yields. The growth of Salmonella serotypes in the modified medium of Clark and Maal0e (5) was similar to that in the more complex brain heart infusion broth. This result was established by determinihg the final absorbance of the cultures in each medium.
The pH. of the modified medium used to produce cell biomass for the isolation of flagellin averaged 4.75 + 0.18 at the end of the incubation period. This indicated that the buffering capacity of the medium was sufficient to prevent a breakdown of flagella, since these are known to dissociate into subunits below pH 3.0.
Electron-microscopic examination of Salmonella serotypes indicated that the synthesis of flagella in the modified diedium was generally similar to that in brain heart infusion broth in terms of shape, length, and density on cells.
The yield of flagellin preparations varied considerably. In general, 5 g of wet cell mass of each of the 10 serotypes produced 28.7 ± 17.4 mg of freeze-dried flagellin.
Purity of flagellins. Electron-tnicroscopic examination of all flagellin preparations revealed a high degree of purity, as only polymeric flagellin units could be observed (Fig. 1) .
Only one protein band was observed after SDSpolyacrylamide gel electrophoresis with each of the flagellins from serotypes worthington (phase l,w), kentucky (phase Z6), 1,4,5,12:-:1,2, and 4,12:d:- (Fig. 2) . Flagellin from serotype lille repeatedly showed two major protein bands with estimated molecular weights of 49,700 and 50,700. Flagellins from serotypes 1,9,12:g,m:-, waycross, and abortus-equi showed one major band as well as one or two barely visible bands (Fig. 2) . The remaining flagellins, from serotypes tennessee and oranienbufg, showed one major band each às well as two or five minor bands, respectively. These minor bands were also apparent after electrophoresis of flagellitis that had been incubated at pH 7 for 2 h at 37°C in the presence of an equal mass of the trypsinlike enzyme inhibitor aprotinin (Boehringer GmbH, Mannheim, Federal Republic of Germany). Aprotinin incubations were done directly with polymeric flagellins as well as after monomerization of polymers by boiling. The estimated molecular weights of the major protein bands of all flagellins ranged from 47,700 to 58,400 (Table 1) .
The immune response of rabbits to each flagellin was apparent after less than 30 days from the time of immunization. High-titered H-agglutinating antisera were found using the tube agglutination test, and these were specific in that each antiserum was capable of agglutinating only the Salmonella serotype from which the immunogen was isolated.
Substantial differences in the immune response to each flagellin as well as between animals immunized with the same immunogen were observed. During the postimmunization period (200 days), the H agglutination titer varied but generally remained fairly high. The maximum H agglutination titers of the antisera from the 10 groups of animals ranged from 10,000 to 1,280,000. By contrast, the O agglutination titers of antisera, which were regularly monitored during the entire postimmunization period, were <10 with nine of the flagellin preparations. The remaining preparation, 
